Polycystic ovary syndrome (PCOS) is the most common hormonal and metabolic disorder among women of reproductive age. Although the clinical features and pathology of PCOS have been well documented, the molecular mechanisms underlying this unique pathogenesis remain largely unknown. The present study was therefore designed to identify candidate genes, along with their potential targeting pathways, which are involved in the occurrence and development of PCOS, using bioinformatics analysis. The gene expression profiles of GSE34526 from 7 PCOS and 3 controls were downloaded from Gene Expression Omnibus (GEO) database. Differentially expressed genes (DEGs) were then identified using GCBI online tool. Expression levels of candidate genes were finally verified using quantitative RT-PCR (qRT-PCR) and Western blot. There were 426 DEGs identified by GCBI online tool, including 418 up-regulated and 8 downregulated genes. Function and pathway enrichment analyses showed that these DEGs were significantly enriched in inflammation and immune-related pathways. Additionally, protein-protein interaction (PPI) network and module analysis showed that two modules involved the Toll-like receptor signaling pathway were ranked among the most upregulated modules, and the candidate genes involved in this signaling pathway consisted of TLR1, TLR2, TLR8, and CD14. Finally, the expression levels of TLR2, TLR8 and CD14 were significantly increased in samples from PCOS patients, evidenced by qRT-PCR and Western blot analysis. Collectively, the results suggested that the Toll-like receptor signaling pathway might play an important role in the pathogenesis of PCOS, and TLR2, TLR8 and CD14 may be the key target genes that are regulated by the Toll-like receptor signaling pathway.
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The gene expression profiles of GSE34526 from 7 PCOS and 3 controls were 32 downloaded from Gene Expression Omnibus (GEO) database. Differentially expressed 33 genes (DEGs) were then identified using GCBI online tool. Expression levels of candidate 34 6 Germany), and cDNA was synthetized using a SuperScript® III Kit (Thermo Fisher 121 Scientific, Shanghai, China). Samples were amplified according to the following protocol: 122 an initial denaturation of 3 min at 95°C followed by 40 cycles denaturing for 10 sec at 95°C, 123
annealing for 1 min at 60°C, and extension for 1 min at 72°C. Primer sequences and 124 product size of genes are listed in Table 3 . Glyceraldehyde 3-phosphate dehydrogenase 125 (GAPDH) was used as an internal control for quantification. The relative expression levels 126 of target transcripts were calculated using the 2 -∆∆Ct method (Dong et al. 2016) . 127
Quantification of qRT-PCR results was performed in which the level of a target transcript 128
was normalized against the target transcript level in Ctrl patient #1, which was arbitrarily 129 set at 1. 130
Determination of inflammatory biomarkers in follicle fluid (FF) supernatant s 131
According to the manufacturer's instructions, inflammatory biomarkers (TNF-α, IL-6, and 132 CRP) were measured in FF supernatants. TNF-α, IL-6, and CRP were determined using 133 an ELISA (R&D Systems, Minneapolis, MN, USA). 134
Western blot 135
Western blot was performed as described elsewhere (Zhang et al. 2014) . Briefly, total 136 protein samples were isolated and purified using Total Protein Extraction Kit from Merck 137 (Burlington, MA, USA), as per the manufacturer 's instructions. ~25 mg of protein samples 138 were separated by on SDS/PAGE and transferred to Polyvinylidene difluoride (PVDF) 139 membrane (Thermo Fisher Scientific), followed by incubation with the primary antibodies 140 at 4℃ overnight. The primary antibodies employed in the current study were rabbit 141 anti-TLR1, anti-TLR2 and anti-TLR8 polyclonal (Thermo Fisher Scientific) and goat7 anti-CD14 polyclonal (Abcam, Shanghai, China). Final signals were finally detected using 143 an ECL system (Amersham Biosciences) according to the manufacturer's instructions. 144
Densitometric scanning of immunoblots was performed with the aid of Image J software. 145
Statistical analysis. 146
The statistical analyses were performed with SPSS13.0 software package (SPSS Inc., 147
Chicago, IL, USA). Results were presented as the mean ± S.E.M. Continuous variables 148 between two groups were compared using Student's t-test. The P-value < 0.05 was 149 considered significantly different. 150
Results

151
Identification of DEGs 152
The GSE34526 dataset contained 10 granulosa cell samples, including 7 PCOS and 3 153 controls. The gene expression profiles were analyzed using GCBI and identified the DEGs. 154
Based on the GCBI analysis, P value < 0.05 and |logFC| ≥ 2 were used as cut-off criteria. 155 426 DEGs, which included 418 up-regulated and 8 down-regulated genes, were identified. 156
The details of DEGs expression heat map were shown in Figure 1 . 157
Function and pathways enrichment analysis 158
All DEGs was uploaded to the DAVID software to identify GO function. GO In order to visualize the gene interactions among DEGs, a pathway relation network 169 for the DEGs was constructed using the ClueGO plug-in of Cytoscape software (Figure 2) . 170
The pathway relation network for DEGs consisted of B cell receptor signaling pathway, 171
Natural killer cell mediated cytotoxicity, TNF signaling pathway, cytokine -cytokine receptor 172 interaction, chemokine signaling pathway, etc. These pathways were primarily associated 173 with immune and inflammation. 174
PPI network construction and module analysis 175
Based on the information in the STRING database, PPI network was constructed using 176 the MCODE plug-in of Cytoscape software. A total of 118 nodes and 421 edges were 177 included in the total of DEGs with significant interaction relation. The top 3 significant 178 modules were selected, and the KEGG pathway enrichment of the genes involved in the 179 modules were analyzed ( Figure 3 ). Enrichment analysis revealed that the genes in t op 3 180 modules were mainly associated with Fc gamma R-mediated phagocytosis, B cell 181 receptor signaling pathway, Toll-like receptor signaling pathway, Cell adhesion molecules 182 (CAMs), Chemokine signaling pathways. These selected pathways were also associated 183 with immune and inflammation. Furthermore, PPI network and module analysis showed 184 that two modules were involved in the Toll-like receptor signaling pathway in the top 3 185 modules, and these candidate genes in this signaling pathway consisted of TLR1, TLR2, 186 TLR8, and CD14. 187
Patients characteristics 188
A total of 78 patients were enrolled in this study, including 38 PCOS patients and 40 189 controls. Demographic and clinical characteristic parameters of the subjects were 190 summarized in Table 2 . Women in PCOS and control groups had a similar mean age, and 191 duration of infertility except BMI. In basal hormonal levels, there was no significant 192 difference in LH, E2 and P levels. However, the FSH, T and LH/FSH was significantly 193 different between PCOS and Control groups (p < 0.05). In addition, concentration of 194 cytokines (IL-6, TNF-a, and CRP) in FF as inflammatory markers was detected by ELISA 195 (Table 2 ). The results showed that IL-6, TNF-a, and CRP levels of FF were significantly 196 9 increased in PCOS group compared with those in control group. 197
Validation of candidate Genes \ 198
To verify the candidate genes revealed by microarray, four above-mentioned genes (TLR1, 199 TLR2, TLR8, and CD14) were re-examined by qRT-qPCR and Western blot in the 78 200 samples (38 from PCOS patients and 40 from Controls). As shown in Figure 4A , the 201 mRNA levels of TLR2, TLR8, and CD14 were significantly increased in GCs from PCOS 202 when compared to those in GCs from the controls (P < 0.01). However, no significant 203 difference in the expression levels of TLR1 was observed between two experimental 204 groups. These results were further validated at the protein level by Western blot analysis 205
Discussion 207
In the current study, we used published microarray data and bioinformatics analysis 208 method to explore the DEGs in ovarian granulosa cells of PCOS, and our systematic 209 analysis will help to understand the complicated pathogenesis of PCOS at the molecular 210
level. 211
The GO term analysis showed that the top 5 GO terms of DEGs were mainly 212 engaged in inflammatory response, innate immune response, leukocyte migration, 213 interferon-gamma-mediated signaling pathways, and adaptive immune response in 214 biological processes (BP). In order to visualize of gene interactions among DEGs, KEGG 215 pathway enrichment analysis was performed using ClueGO plug-in of Cytoscape software. 216
The results showed that these significant pathways with the DEGs, including B cell 217 receptor signaling pathway, Natural killer cell mediated cytotoxicity, TNF signaling p athway, 218 cytokine-cytokine receptor interaction, chemokine signaling pathway, etc. Hence, we 219 speculated that inflammation may play an essential role in the induction of PCOS. 
lab. 303
In conclusion, our data collectively provide a comprehensive bioinformatics analysis 304 of DEGs in PCOS. Our results confirm that the inflammation and immune play important 305 roles in the occurrence and development of PCOS. Meanwhile, toll-like receptor signaling 306 pathway mediating inflammation and immune might be involved in the pathogenesis of 307 PCOS, and TLR2, TLR8, CD14 may be core target genes. Therefore, the hub genes and 308 pathways may be potential therapeutic targets of PCOS treatment. 309
Nevertheless, the potential caveats and other alternative explanations would be very 310 insightful for future research, such as the limited control numbers in the database, and 311 future directions of single-RNA profiling. 312 
